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Effects in Reactions Yieldin
Oxidation of Aldoses-I-t With Iodine

Reactants.

Water-f from Nonvolatile
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A eonvenient method is presented for estimmting isolope effects in reaetione whioh

¥iald wateri.

The waterd in separated by freez

&dr}r‘mg, and B¥/k in caleulated from the

extent of the reaction and the ratio af the radiosetivity of the water<d to that of the nitial
reactant. Application of the method to the oxidation of aldoges-1-F at 25 °C with iodinali4n

alkaling solution gives values for E%/E rangin

from .12 1o 017

, with an averapga of 0.
There are no zignificant difersnces in the values of £%% obtalned for aldoses cﬁaﬁering n

configuration, or for pentosen and hexoses.

1. Discusaion
1.1. Detormination of Isctope Effecte’

Iagtope effects, or differences in the ratez of
reaction for isolopically labelad &nd wunlabeled
molecyles, provide a tool for atudy of reaction
mechenisms [1]! The isotope effect, #%/F, can be
determined by wvarions techniques, some of which
have been described in prior publications from
thiz laboratory (2, 3].

A simple method has now been developed for
determinmp **/% [or resctions in which water-t s
formed from & nonvolatile reactant, The method
iz brnzed on the separation and analysis of the water-f
formed in the reaction. The ratio of 2%k 18 then
caleulated from the equation of Stevens and Aitres
|4} as modified by Ropp [5]:

k* e =log(1-+f} flog (1) (1)

In this equation, ¥ is the fraction of initial reactant
thet has been consumed, and » is the ratio of the
molar specific radioactivity of the accumulated
produet {of partial reaection) to that of the initial
reactant.

In the experimental procedure developed, the
reaction iz allowed to proceed to the deaired extent.
Tha fractinn § is estimated from the amount of the
reagent used or by other convement means. The
solulion containing the products of partial reaction
and the residual reactant is dilufed with water to a
known wolume. A portion of this solution is
freeze-dried, the water-f obtained by sublimation is
assa&y'ed, and tha total activity of the water+ (the
praduct of partial reaction) ia caleulated. The
total activity of the initial reactunt is oltained from
the epecific activity and weight of the aldnse-I-t
The ratio of the activity of tha water—< to the activity
of the initial reactant eguals rf. Substituting the
velues of f and #f in eq (1) gives &%k

L Figores o reackets [ndicabe the literafurn roforaneces gt Lhe emd of this raper.
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The isotope effect corresponds to & ratio of one
to seven for the respective rates of rewction of the labeled and vola

vd rnoleenlos,

The method can be applied to & wide variety of
reactions which yield water-t from nonvolatile
repctants; it is jllustrated hore by a study of the
cr:tlida.t-il:-n of aldoses—{-t with iodine iz alkaline
aolution,

1.2 COxidation of Aldoses-i-¢ With Iodine in Alkaline
Eolution

In a prior invesi;"ll‘?ntion, Isbell, Sniegnski, and
Irush [lemeasured e 3otope effect for the oxida-
tion of p-glucose-7-¢ by iodine in alkalive solvtion by
mesns of their double-label teshnique, The oh-
served valua of E*/& (0.17) is substantially the same
a2 that (.15} previously found by EKaplan [6] for
the bromine oxidation of ethanol-f-i but differa
greatly from that (0.53) found for the bromine oxida-
tion of e-D-glueose-i-# [T]. The rate of oxidation of
a-p-glueoza-I-¢ with bromine m elightly acid =olu-
tion depends, in part, on the rate of anomerization
to the rapicrl.l}r oxichzed g-pplucose-f2 [8]. The
snomerization reaction has a weak, secondary ise-
tope-cffect, whereas the direct oxidation hes a strong,
primary isctope-effect. In tho oxidation of aldoses
with iodine in slkaline solution, equilibrinm is main-
tained throughout the reaction and, consequently,
the jsotopa effect iz not influenced by a rate-con-
trolling anomerization. In view of this fact, it
aseme probeble that the valus of &*/% for tha reac-
tion i= & *]])jcal of a reaction involving rupters of the
C-1to ﬁ ond of an aldose-7+4 present in a steady-
state equilibrinom. The value of &*/% for this type
of resction is needed for interpreting many of the
roactinng of labeled carbohydrates.

To esecertain whether aldoses, on oxidmtion
with iodine, give esscntially the sams valus of &%k,
n series of measurements was madae with aldoses-1-¢
of diverse types. The results, summarized in table
1, show that the valuez of &*ff are esseniially con-
stant and that thera arc ne significant differeances in
the values for aldoses differing in configuration, or




Tavrrr 1. Iecfope effects in ortdalion of oldoses-1-t with
toding én olkaline solufion of 85 °C
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for pentoses and hexoses. The nverage value of
B*fk (0.14) and the lack of its dependence on the
structure of the gldose are in accord with the con-
clusion that the C-1 to H bond is ruptured in the
rata-determining stap.

In addition 0 the messurements of &*/t ociven in
table 1, mensorementa were also made for p-tnan-
nose-i-¢ (table 2] by means of the double-label
techmiqua pravicusly dewaloped [2]. The results
obtained by the two methods sre in good agreement,
gonsidering that the values for the water- method
are basad on the early part of the reaction period
whereas those for the double-label method are basa
on the latier part.

2. Ezperimental Procedure
2.1, Materials and Apparatus
a. Labeled Aldoses

The sugars labeled at C-1 with iritinm were
prepared by reduci]’l’% the corresponding lactonss
with TiBEH,-¢ [8]. g purity of each sugar was
checked, befora vse, by paper chromatography. Ome
chromatogram was developed with 1-butanol—acetic
acid—water (4:1:5, upper phase), and another with
2-buntanone—acetic acid—watet saturated with borie
ag¢id (9:1:1). The chromatograms were ecanned
with & gas-flow, windowless counter, snd then sprayed
with sniline hydrogen phthalate. Whensver either
chromatopram showed the presenca of more than
on¢ substance, the labeled aldoze was recrystallized
and then recilmm&tugr&phed. The pure, labelad
sogare, penerslly having an activitly' of about 1 pe/mp,
were assayed with a liquid seintillation eounter.,

n-Mannogse-2.C™ wag prepared by the procedurs
%iven in [10], and D-mnannose-2-€M.f¢ by rec;rFstal-
izing & suitable mixture of D-mannose-#-C%* and
p-manmase-1-f from water—methanol—2-propanaol,
The activity of the doubly labaled p-mannose, da-
termined se described in sec. 2.1.¢ wog about 1 gefmyp
for tritivtn and 0.1 ge/mg for carbon-14.

k. Stapdard Sclutions

0.04 & Ioding {conteining 4 g of potassium iodide
per 100 ml of solution) and 0.04 & spdium hydroxida
wera used,

¢. Counting Eguipanémt

The counting was done with » Packard Tri-Carb
Liquid Seintillation Spectrometer, Series 314E [11).
The counter was operated at 1325 v, with discrimi-
nators o adjusted that one scaler {red) counted at
& to 40 v and the other (green} at 10 to 100 v; the
temperature of the counting chamber was +5 °C.
The acintillation solution [12] contained, per liter,
7 ¢ of PP {2 S5-diphenylorazole, scintillation grade),
0.3 g of dimethy POP [2,2'-p-phenylenebiz(4-
methyl—ﬁ—}l)henjrluxam]e}, peintillation erads], end
130 g of paphthalene, in dioxene (Eastman).
Agqueous solutions (100 pl, genarally containing about
0402 pe of tritlum} were counted in 10 ml of the
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seintillation eoluticn. In each instance, duplicate
samples were preparad and counted to a total of
10,000 counts, to give n statistical aceuracy of 41
percent.

2.2 Doterminaton of Triium

The counting efficiency for tritium was determined
a8 described in sec. 2.1.¢, by analymis of a standard
pample of tritiated water. A frctor, expressed as
gt of tritimm per count per sec, was calculated from
the count (red scaler) and the konown activity.
Samples mntaining unknown amounts of tritiated
water were ahalyzed in the same way &3 the standard,
and the activity was caleulated
factor.

2.3, Determination of Carbon-14 and Tritum in the
Sama Sample

Tbe determination of carbon-14 and tritinm in the
same sample was carried out with the acintillation
conter a0 adjosted thet each isotope waa counted
efficiently in onc sealer and inefficicntly in the other
[11]. The efficienciea for carhon-14 and for tritium
with esch scaler were determined by sepsrately
copnting standsrd samples of p-glucose-7-CM and
nglucose-f4. The activities of unkown samples
were then caleulated by the following equations:

AT=[R,— B, (B EQNET—E(EF/ET)]

¥ means of the

—kB,—kR, (2)
=R — R ET{EDE— ENET{ED)]
=B —kB, (3)

where AT=disinteprations per second due to tritiem,
Af =disintegrations per second due to carbon-14,
R.,=count rate on the red sealer, B,—count rate on
the green scaler, E7=counting effciency of carbon-14
on the red senler, Ef=counting efficiency of carbon-
14 on the green sceler, ET—eounting efficiency of
tritium on the red scaler, and ET=counting «ffi-
cigney of tritinm on the green sealer. Tha conbined
constants, &, &, % and &, were derived from the
experiment.ﬂ.]jy determined  counting-efliciencies.
Under the conditions deseribed in gec. 2.1.¢, 8 mix-
ture containing carbon-14 and tritinm gave values of
0.186, 0.707, 0.175, and 0.082 for EY, &%, ET and £7,
respectively.

2,4, Determination of &*fi by the Water-# Mathod

The procsduere for studying the oxidation of
sldoses-I-? was as follows: Saveral weirhed snmples
{approximetely 10 mg each) of each aldose-1-£ were
oxdized at room temperature by dissolving esch in
0.5 m] of water, adding suffirient 0.04 A jodine to
give & emell degree of oxidation {about 10, 2@, or
30%;, and then adding dropwiea 1.5 aqu.ivﬂents of
04 N sodium h xide, Affer 15 min, each
solution was transferred o a 10-m] volumetrie finsk
and diluied to volume. Then, sbout 2 ml of the
golution was traneferred to a standard-tapered male-

joint, round-bottomed flask containing ahout 50 mg
of aodium carbouste. The gsolution was frozen, and
the ice-f was sublined ynder vacuwm into another
flazsk. Thea sublimate was warmed to room tetnpera-
ture, and 100-ul samiplea of the hquid were removed
and assayzd with the liguid scintillation counter by
tha procedurs given in sec., 2.1.¢c. In ench instance,
the amount of tritiom in the reaction mixtore was
cileulated from the atnount of the aldose-f-t added ;
the amount of waier- formed waa caleulated from
the volunie of the reaction mixture and the epecific
aclivity of the sublimed weater. The extent of the
reaction, f, was calealated from the nmount of lodine
added.

In a typical messurement, a 9.241-fng sample of
D-ghicosc-i-4 contsining 743 ge of tritium was
allowed to renct with 0.51 ml of 0.04 ¥ iodine and
077 ml of 0.04 N sodium Lydroxide. The resction
maxture was diluted to 10 1wl with water, and a 2-rul
sample was frecge-dried. A 100-pl sample of the
water-, obisined by freeze-drying, assayed 15.36
counte per second, corrcaponding to 000252 pe in
the sampla or 0.252 we in 10 ml. Thus, »f=0.252/f
743=0.0332. The amount of iodine added corre-
sponded to f=0.20. Substiublion of these values in
og {1) gives 0,15 for £+/T.

2.85. Determinatien of &*7k by Double-Lobeling

A weighed ﬂmiﬂﬂ {10 mg) of tha {C'abeled
aldose-1-# was dissolved in water (0.5 m!) and treated
with safficient 0.04 N iodine and 0.4 N sodium
hydroxide to oxidize betwean 75 and 90 percent of
the aldose. After 15 min, the solution was diluted
with 5 mi of water, and 100 mg of the unlabeled
aldose waa added ns carrier. Tha solution was passed
through 20 ml of mixed cation- and anion-exchange
resing (Amberlite IR-120 (H*)} and Duolite A4y, T
efluent was concentrated under reduced pressure
to a sirup from which the lobeled aldose was crystal-
lized; it was recrystallized twire from methanol—
2-propancl.  After being dried, the purified carrier-
mixture was assayed for carbon-14 and tritinm by
the procedure given in section 2.3. A sasmple of the
original C'*-laheled aldose-f-+¢ was also sssayed. The
amount of the residual resctant was caleulated from
the aquation:

i’

—a {4)

where w is the weight of the residusl reactant, w” is
the weig,ht. of the nonrsdioactive carrier added, and
& and @' are the epecific activities (in emrbon-14) of
the initial reactant and the carrier mixture, respec-
tivaly. The fraction of aldose oxidized, ¥, iz the
ratic of resetant consumed to initial resctant.

The value of L% was calenlated a= previously
describad [2] from. the equation:

&*/k=1-+{log{p/p°)flog(1 —f}] (5)
where §° ia the ratio of tritinm to carbon-14 in thes
initial veactant, and p is the ratio in the residual
reactant. The regylts obtained for n-glueose-§-(M-
I and p-mannose-2-Chef-¢ are givin in table 2.
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